Most forecasting techniques for repetitive construction operations use deterministic approaches or stochastic approaches that are based on historical data of similar past projects. Utilizing such data impacts the accuracy of simulation results as it does not account for the unique characteristics of the construction operation being considered. This paper presents an automated tool for earthmoving operations that performs adaptive Discrete Event Simulation (DES) through utilizing actual captured data. Adaptation is curried out utilizing actual captured data from earthmoving operations to forecast productivity and consequently time and cost of these operations. The data was captured by GPS mounted on earthmoving hauling trucks then transferred wirelessly to a central server. A specially designed relational database was developed to store the captured data in addition to the characteristics of the earthmoving operation. The captured data implicitly accounts for factors that give rise to uncertainty such as weather. The durations captured for loading, hauling, dumping and returning activities are used to generate representative Probability Distribution Functions (PDF). Oracle Crystal Ball is utilized to generate best fit PDF for each cycle time components. DES is used to forecast fleet productivity and consequently the forecasted activity's duration and cost. In this research "StroboScope" DES engine was integrated with the relational database and Oracle Crystal Ball in standalone software. The developed tool can be used to detect the bottlenecks in the current operation. The developed automated tool is also used to experiment with different fleet configurations and its impact on forecasted time and cost.
Introduction
defined simulations as "The process of designing a model of a real system and conducting experiments on this model for the purpose of understanding the behavior of the system and/or evaluating various strategies for the operation of the system". Simulation of construction operations allows construction planners and estimators to predict productivity and to evaluate construction operations before starting site work. Literature reveals considerable work on computer simulation for modeling repetitive cyclic operations (Zayed, and Halpin, 2001 and Moselhi 2004) . Discrete Event Simulation (DES) method is the most famous type of simulation. It serves as a powerful tool in analyzing and breaking down complex problems. Consequently, it grabbed the biggest share of researchers' attention, focusing particularly on construction operations (AbouRizk, 2010) . DES models a system as a network of processes that are sometimes preceded by queues, where state changes occur at discrete points of time. In DES model, each unit flows through the system and reserves resources to complete a job. When, the job is accomplished, the unit releases those resources. Queues temporarily hold units in case resources are not readily available. These actions are called events (Hajjar and AbouRizk, 1999) . Tremendous efforts have been exerted by many researchers in the construction field to model and simulate various construction operations. Halpin (1973) developed a powerful modeling element called CYCLONE, which simplified the simulation and modeling process for users with limited simulation background. CYCLONE was later used as a base for other simulation systems. In 1996, Martinez produced a more evolved simulation tool (STROBOSCOPE). This tool is capable of handling uncertainty not only in time, but also for different resource quantities. Once again, in 1999, Martinez and Ioannou developed the system (EZSTROBE). EZSTROBE's main objective was to reduce the complexity associated with their previous model (STROBOSCOPE).
Background
Estimating actual productivity of construction jobsites is essential in forecasting time and cost required to complete construction operations with good accuracy (Oglesby et al, 1989) . Recent advancements in automated site data acquisition technologies made it feasible to track and monitor construction operations in near real time (Navon and Goldschmidt, 2002 , Caldas et al., 2006 and Montaser and Moselhi, 2012 . GPS has been used in many aspects of construction operations such as collision avoidance of equipment, calculation of durations of earthmoving activities. As well, GPS was used to monitor the compaction level of various layers of road construction. The construction industry has already embraced the use of GPS in control of site surveying and earthmoving operations.
GPS can be used to track the location of workers and equipment over a wide range of geographic and geometric scales. The use of GPS for earthmoving operations has reportedly led to an increase of 22 % in productivity and 13 % in cost savings for short haul distance projects. However, for long haul distance, the advantages were less, a productivity increase of 5.57% and cost savings of 4.79% (Han et al 2006) . Caldas et al. (2006) developed a system integrating GPS and GIS, in which GPS was used to record the position of pipe spools on a construction project. Moselhi and Alshibani (2008) presented a new model for the tracking and control of earth moving operations. Their model uses spatial technologies, including GPS and GIS, to facilitate automated data acquisition. Their proposed system is designed for highway construction projects.
Simulation of earthmoving operations allows construction planners and estimator's prediction and assessment of operations productivity (Halpin and Riggs 1992) . The literature reveals considerable work on simulation for modeling earthmoving operation (Shi and AbouRizk 1995 , Hajjar and AbouRizk 1999 and Marzouk and Moselhi 2003 . Traditionally, simulation works through utilizing historical data in the form of statistical distributions to represent different processes. The highly dynamic environment of construction projects adds a sense of uniqueness to each project, which questions the validity of using historical data of other projects to represent a project at hand. Hence, there is a need for a method that puts together the capabilities of traditional modeling of construction operations and real time field data acquisition. Many researchers explored real time simulation, such as Guo et al. (2008) and Song et al. (2008) . So far, most researchers focused their work on earthmoving construction operations (Montaser et al., 2011 , Song and Eldin, 2012 , Akhavian and Behzadan, 2012 and Vahdatikhaki et al., 2013 .
Despite the advantages of computer simulation, it requires trained staff for model development and data entry, specialized simulation software and past historical data to generate operations probability distributions. In order to rectify the limitations of the current models, a new automated tool is developed. This paper presents automated tool that stochastically forecast productivity of earthmoving operations. The tool uses spatial technologies (GPS/GIS) for automated site data acquisition to measure actual performance. As well, it utilizes DES in forecasting module making use of captured data from GPS/GIS to take into account the uncertainty associated in the operation. This paper builds on earlier work and related developments made by the authors (Montaser et. al., 2011) .
Research Methodology
The process of capturing earthmoving operations data starts by assigning GPS to the hauling truck. The assigned GPS reports the hauling truck exact location. Then, the data is transferred to the web server. The data is then processed automatically, without any human intervention, to calculate total cycle time for each truck and its respective loading, travel, dumping and return durations, for more details refer to (Montaser et. al., 2011) . Truck characteristics and excavated soil properties are retrieved from the database to calculate the actual productivity of the hauling truck. Actual productivity is a function of hauling truck number of trips made at certain period, which requires calculating truck different cycle time durations. Consequently, calculating cycle time accurately is key element for estimating onsite actual productivity. Truck cycle time consists of four main components, which are loading, traveling, dumping and return. The loading time is the time that the truck is inside the loading area. Travel time is the time spent between exiting loading area until entering dumping area. Dumping time is the time that the truck is inside the dumping area. Return time is the time required for the truck to travel back from dumping area to loading area to start new cycle.
Most forecasting methods for repetitive cyclic construction operations use deterministic approaches or stochastic approaches but based on historical data of similar past projects. These methods did not consider uncertainty. Utilizing such data is an obstacle for accurately simulating the status of these operations on current projects. For example in case of earthmoving operations, the cycle time differs as the travel time of trucks can be affected by several dynamic factors, such as weather conditions, operating conditions in the excavation area and traffic on travel roads. Accordingly, Discrete Event Simulation (DES) is utilized in this research to forecast activity future performance. Therefore, the developed method demonstrates the stochastic value of hauling trucks captured data and uses the actual collected data of the elapsed periods. Since, this data naturally inherits in itself variables of stochastic nature such as weather. DES is used to forecast fleet productivity and consequently the forecasted activity's duration and cost. It is also used to experiment with different fleet configuration and its impact on forecasted time and cost. The captured data for loading, hauling, dumping and returning are used to generate representative Probability Distribution Functions (PDF). Those PDFs are used as an input for the DES model to evaluate the current operation and to highlight the performance bottlenecks and to experiment the fleet configuration if needed.
In addition, if the activity during the elapsed period experienced delay, corrective actions could be planned based on generating different fleet configurations using DES. This method is automated but requires human intervention in selecting different scenarios such as the number of excavators, hauling units and their capacity. It is built based on the interaction between the system and the central database where the past period cycles time and its component has been stored. Figure1 shows the method general flowchart, starting by generating the PDF for cycle time components from the captured data retrieved. PDF should be generated for each cycle time component (i.e. loading time, travel time and dumping time) that best fits the process including its associated parameters (e.g. mean value and standard deviation). The fitted functions are then used as an input for the simulation model to generate and evaluate different scenarios. In this research StroboScope discrete event simulation engine was utilized. Specially designed DES model for earthmoving operations is deployed as depicted in Figure 2 . This DES model is a typical model and used for data manipulation and processing to calculate the stochastic forecasted productivity and to experiment different fleet configurations in case of any corrective action. The DES model retrieves the earthmoving operation data such as total quantity of earthwork, number of hauling trucks and excavators, hauling truck capacity and PDF for different cycle time components from the database. To facilitate data storage, fusion and processing a relational database was developed. The database has 9 entities; interconnected with one-to-many, many-to-one and manyto-many relationships. Due to space limitation, the Entity Relationship (ER) diagram is not included. The DES reports to the user the forecasted fleet productivity and its associated cost and time. The user interacts with the DES model to change the fleet configuration only. Then, different scenarios are generated for the user, which could help in time or cost optimization and making informed decisions. DES requires Probability Density Function (PDF) for each operation. So, Oracle Crystal Ball was utilized to generate best fit PDF of the cyclic operations. Therefore, Stroboscope was integrated with Oracle Crystal Ball to stochastically forecast progress of earthmoving operations. In addition, this integration was used also to experiment the different fleet configuration impact on productivity, time and cost of the operation. The variables in the DES model are the number of hauling trucks, truck capacity, number of loaders, the quantity of remaining excavation, truck cost per hour and the loader cost per hour. The system retrieves all this data from the database. To generate PDF for each cycle time component, the user specifies the data range (i.e. start date and finish date). Then, the system extracts the cycle time components from the database and filters it to the specified data range. In addition, there is an option to exclude dates from this data range. This enables removing specific time periods during which exceptional conditions are known to have prevailed and are not likely to be repeated. Oracle Crystal Ball is utilized afterwards to generate best fit PDF for each cycle time component based on the captured data specified date range, as shown in Figure 3 .
When the user presses simulation reporting, the results is send to an excel file on the user computer desktop. The results are the operation forecasted loader utilization, truck utilization, production rate, time, total cost and the unit cost of excavated material. Since, the forecasting process was done stochastically through PDFs. Then, the results is not crisp values, it is in the form of average, standard deviation, maximum and minimum values, as shown in Figure 3 . In case, the user wants to experiment with the different fleet configuration but with the same PDFs. Then the user could enter the minimum and maximum number of trucks and loaders in the form. Similarly, the same procedure is followed but with different scenarios. 
Conclusion
The present study demonstrated the significance of integrating GPS data with computer simulation for modeling earthmoving operations. It presents a practical and easy to use tool for estimating productivity of earthmoving operations The developed tool was used to model the earthmoving operations of a construction project in the west end of Montreal. The results of the analysis performed indicate how the presented automated tool can be helpful in facilitating timely corrective actions. This useful feature of the developed method can be attributed to its utilization of actual near-real-time data captured by GPS receivers, which supports timely corrective actions. The developed method can assist project teams in estimating realistic and more reliable productivity of earthmoving operations; accounting for factors such as weather and traffic conditions.
